Abstract The European Forsteo Observational Study was designed to examine the effectiveness of teriparatide in postmenopausal women with osteoporosis treated for up to 18 months in normal clinical practice in eight European countries. The incidence of clinical vertebral and nonvertebral fragility fractures, back pain, and health-related quality of life (HRQoL, EQ-5D) were assessed. Spontaneous reports of adverse events were collected. All 1,648 enrolled women were teriparatide treatment-naive, 91.0% of them had previously received other anti-osteoporosis drugs, and 72.8% completed the 18-month study. A total of 168 incident clinical fractures were sustained by 138 (8.8%) women (821 fractures/10,000 patient-years). A 47% decrease in the odds of fracture in the last 6-month period compared to the first 6-month period was observed (P \ 0.005). Mean back pain VAS was reduced by 25.8 mm at end point (P \ 0.001). Mean change from baseline in EQ-VAS was 13 mm by 18 months. The largest improvements were reported in the EQ-5D subdomains of usual activities and pain/discomfort. There were 365 adverse events spontaneously reported, of which 48.0% were considered related to teriparatide; adverse events were the reason for discontinuation for 79 (5.8%) patients. In conclusion, postmenopausal women with severe osteoporosis who were prescribed teriparatide in standard clinical practice had a significant reduction in the incidence of fragility fractures and a reduction in back pain over an 18-month treatment period. This was associated with a clinically significant improvement in HRQoL. Safety was consistent with current prescribing information. These results should be interpreted in the context of the openlabel, noncontrolled design of the study.
morbidity and, depending on fracture location, increased mortality [4] . A recent estimate put the projected costs of treating osteoporotic fractures in women in Europe at €76.7 billion by 2050 [5] .
Recently approved drugs for the treatment of osteoporosis have been shown to reduce the risk of vertebral and nonvertebral fractures [6, 7] . Currently, the most commonly prescribed medications for osteoporosis are antiresorptive agents, primarily bisphosphonates. Teriparatide is a recombinant human N-terminal fragment of parathyroid hormone (rhPTH ), a bone anabolic agent that has been shown to increase bone mass and strength. In a placebo-controlled clinical trial, teriparatide reduced the relative risk of new vertebral and nonvertebral fragility fractures after 19 months of treatment by 65% and 53%, respectively, in postmenopausal women with severe osteoporosis [8] . Treatment with teriparatide resulted in a greater increase in bone mineral density (BMD) and reduction in vertebral fracture risk than alendronate in men and women with glucocorticoid-induced osteoporosis [9] .
Although randomized controlled trials are considered the gold standard for investigating drug efficacy, their design limits the capacity to provide answers to questions about more ''typical'' patient populations and issues found only in clinical practice. In a recent retrospective chart review of 120 patients, it was estimated that approximately 80% of patients receiving treatment for osteoporosis would not be eligible for inclusion in a randomized controlled trial because of comorbidities, previous treatment with bone-active agents, or the use of other medications [10] . Observational studies can be an important addition to a clinician's resources by complementing randomized controlled trial data with information on the effectiveness and compliance of a treatment used in routine clinical care in larger and more diverse patient populations [11] . It is well known that compliance with osteoporosis treatments is higher in clinical trials than in normal clinical practice [12] . This is important as it may influence not only the expected outcome of the treatment in the individual patient [13] but also the pharmacoeconomic considerations.
In 2006, the prospective European Forsteo Observational Study (EFOS) was set up to observe the effects of teriparatide treatment for up to 18 months, with a posttreatment follow-up period of a further 18 months' duration, in postmenopausal women with osteoporosis. The patients prescribed teriparatide in the EFOS were severely osteoporotic, with a high fracture risk and poor HRQoL, despite previous therapy for osteoporosis; moderate to severe back pain was also very common [14] . Here, we describe the incidence of clinical vertebral and nonvertebral fragility fractures, the occurrence of back pain and changes in HRQoL, and the compliance with teriparatide during 18 months of treatment.
Patients and Methods

Study Design
The study design and characteristics of the patient population have been described [14] . Briefly, 1,648 postmenopausal women with a diagnosis of osteoporosis who were about to initiate teriparatide treatment were enrolled in eight European countries. Patients were excluded from the study if they were currently being treated with an investigational drug or procedure or had any contraindications as described in the teriparatide label. Apart from this, the study was purely observational and there were no further restrictions for the selection of the patients. All patients gave written informed consent prior to enrollment and were able to withdraw without consequence at any time. The study was approved by local ethics committees or review boards, depending on local requirements.
Data Collection
At the baseline visit, patient demographic characteristics, risk factors for osteoporosis and falls, osteoporosis therapies, and disease status were recorded [14] . The women attended visits at baseline and at approximately 3, 6, 12, and 18 months after teriparatide initiation. Patients were observed for the entire duration of treatment, and compliance with treatment was assessed from their reporting of the number of missed doses in the month prior to each visit.
Incident clinical vertebral and nonvertebral fractures, the primary study end point, were diagnosed and confirmed by review of the original X-rays and/or the radiology or surgical reports at the investigational site. A new or worsened vertebral fracture was defined from the presence of a confirmed radiographic vertebral fracture associated with signs and/or symptoms, such as acute or severe back pain, suggestive of a vertebral fracture as described by Ross [15] .
A study-specific back pain questionnaire (Appendix 1) was completed at each visit. Perceived severity of back pain was also evaluated on a horizontal 100 mm Visual Analogue Scale (VAS) ranging from 0 mm (no back pain) to 100 mm (worst possible back pain).
HRQoL was measured using the European Quality of Life Questionnaire (EQ-5D, formerly EuroQol) [16] . EQ-5D is a generic HRQoL questionnaire that evaluates five dimensions of health (mobility, self-care, usual activities, pain/discomfort, and anxiety/depression), each scored on a three-point scale (no problems, some problems, extreme problems) plus a visual analogue scale (EQ-VAS), which assesses the patient-perceived overall health status, on a scale from 0 mm (worst imaginable health state) to 100 mm (best imaginable health state). The Health State Value (HSV) was calculated from the five EQ-5D dimensions using the U.K. scoring algorithm for all countries, to allow for comparisons across countries [17] . Spontaneously reported adverse events were collected throughout the study.
Statistical Analysis
Descriptive statistics such as frequencies, percentages, means, and standard deviations (SD) were used to describe the study population over time. Incident fractures, back pain, and quality of life results were summarized over the teriparatide treatment period and after completion of 18 months of treatment. The number of fractures occurring in patients receiving teriparatide treatment was summarized in 6-month intervals up to 18 months of treatment. A logistic regression analysis was used to assess the change in the number of patients with one or more fractures over time [18, 19] . Patients were included in the model at all observed intervals, regardless of whether or not they fractured during a previous interval. The repeated observations of each patient were assumed to be related, but no further assumptions were made about the relationship. Contrasts were made between the odds of fracture in the first 6 months of treatment (0-6 months) and each subsequent 6-month period (6-12 months and 12-18 months). Unadjusted and adjusted models including age, prior bisphosphonate use, and a history of fracture in the last 12 months before starting teriparatide were performed. Fracture modeling was repeated for all vertebral, nonvertebral, and main nonvertebral (forearm/wrist, hip, humerus, leg, and sternum/ribs) fractures.
The number and percent of patients with improvement, no change, or worsening in each domain of the EQ-5D questionnaire were summarized at each visit. The sign test was used to determine whether significantly more patients showed improvement as opposed to worsening.
Back pain changes from baseline in the VAS were analyzed using a mixed model for repeated measures (MMRM), adjusting for baseline back pain VAS, age, diagnosis of rheumatoid arthritis, duration of prior bisphosphonate therapy, and history of fracture in the 12 months prior to entering the study. P values represent the unique influence of the corresponding factor after adjustment for all other factors in the model. The number of patients reporting an improvement or worsening in the severity, frequency, limitation of activities, and number of days in bed (B2 days, no change) was analyzed using the sign test. A similar MMRM was used to assess the change from baseline in EQ-VAS, including its baseline value. The EQ-5D HSV had a continuous, nonparametric, bimodal distribution; therefore, the Wilcoxon sign-rank test was used to assess changes from baseline in this parameter.
Results
Patient Disposition and Osteoporosis Treatment
A total of 1,648 patients entered the study and were analyzed at baseline. Mean (SD) age was 71.5 (8.4) years, body mass index (BMI) was 25.1 (4.4) kg/m 2 , and 12.8% of the patients were current smokers. A previous fracture after the age of 40 years was reported for 91.9% of the women, the mean (SD) number of prevalent fractures at baseline was 2.9 (2.0), and 70% had two or more vertebral deformities. Approximately 48% of the women had sustained a fragility fracture within the 12 months prior to starting teriparatide treatment. Rheumatoid arthritis was the most frequently reported comorbidity (11.9% of the patients). Only 7.7% of the patients were osteoporosis treatment-naive, alendronate being the most frequently used previous treatment (43.6% of the subjects; for more details, see [14] ). Once teriparatide was started, 5.2% of the patients reported concomitant use of an antiresorptive drug. Calcium and vitamin D supplements were taken by 74-78% of patients during the course of the study. By the 18-month visit, concomitant use of antiresorptives was reported by 6.3% of the patients, calcitonin being the antiresorptive drug most frequently used (2.3% of the patients).
There were 1,577 patients (95.7%) who returned for at least one follow-up visit and 1,356 (82.3%) who completed a final visit either at 18 months or earlier. There were 79 (5.8%) discontinuations from teriparatide due to adverse events; the other main reasons for treatment discontinuation were patient decision (n = 109, 8.0%) and physician decision (n = 26, 1.9%).
At the time of this analysis data lock, the duration of teriparatide treatment ranged 1-639 days (mean [SD] 461 [166] days). The proportions of patients known to be still taking teriparatide after 12, 17, and 18 months were 77.0%, 61.5%, and 22%, respectively ( Fig. 1) . During the 18 months of treatment, 11.9% of patients reported one or more interruptions to treatment of 4 or more weeks. The median self-reported number of missing daily injections during the last month of treatment was three.
Fracture Incidence Table 1 shows the incidence of fractures during the course of the study. During follow-up, 138 (8.8%) women sustained a total of 168 incident fractures, giving an overall fracture rate of 821/10,000 patient-years. Twenty-three patients (1.5%) sustained two or more new fractures. Of the 168 fractures, 38.7% were clinical vertebral fractures and 61.3% were nonvertebral; 50.6% of all fractures occurred at the main nonvertebral sites (forearm/wrist [n = 26], hip Overall, the number of patients who had at least one fracture during teriparatide treatment significantly decreased between the first 6-month period (n = 72, 4.6%) and the second 6-month period (n = 45, 3.5%) (adjusted model odds ratio [OR] = 0.68, 95% CI 0.47-0.98, P = 0.038) and between the first 6-month period and the last 6-month period on treatment (n = 33, 2.8%) (OR = 0.53, 95% CI 0.35-0.82, P = 0.004) ( Table 1 ). The fracture incidence per 10,000 patient-years of 1,113 in the first 6 months decreased to 583 during the 12-18 month period (Table 1) . A decline in the incidence of both clinical vertebral and nonvertebral fractures was observed during the study (Fig. 2) . The clinical vertebral and main nonvertebral fracture rates were significantly decreased between the first 6-month period and the last 6-month period on treatment (Fig. 2) .
Back Pain
The mean (SD) back pain measured by the VAS at baseline was 57.7 (26.6) mm, and this was reduced by 25.8 mm after 18 months of treatment (P \ 0.001). The greatest reduction in back pain, analyzed using the MMRM, occurred during the first 6 months of treatment (Fig. 3) . From the parameters included in the MMRM, only two variables had a potential influence on the changes in back pain VAS (P \ 0.001); for each additional 5 mm in the baseline VAS value the change after treatment was 2.8 mm less, and for every 5 years of prior bisphosphonate therapy it was 4.4 mm greater. Table 2 shows the frequency and severity of back pain during the previous month at each assessment. The frequency of back pain decreased over the treatment period; at baseline 65.8% of patients reported experiencing back pain every day or almost every day, and this decreased to 29.9% of patients after completing 18 months of treatment. At every postbaseline visit, there were significantly more patients who reported a decrease in the frequency of back pain compared with baseline than those reporting an increase in frequency of As some patients experienced a fracture in more than one time interval, the total was not the sum of the number of patients with a fracture in each interval back pain (sign test, P \ 0.001). The severity of back pain also decreased during the treatment period; at baseline moderate/severe pain was reported by 89.2% of patients, and this was reduced to 57.2% after 18 months. At every postbaseline visit, significantly more patients had a decrease in the severity of back pain than those with an increase (sign test, P \ 0.001). The limitation on activity and the frequency of days in bed due to back pain also decreased over the course of the study (P \ 0.001) ( Table 2) . After 18 months, fewer patients reported the need to assist themselves with their arms when standing up from a chair (54.6%) compared with baseline (62.9%) (P \ 0.001).
HRQoL
The mean (SD) EQ-VAS at baseline was 51.7 (22.0) mm. There was a significant increase in adjusted mean EQ-VAS values from baseline at all visits, and the increase was 13 mm at 18 months (Fig. 4) . In the MMRM, the baseline EQ-VAS value, duration of prior bisphosphonate therapy, rheumatoid arthritis, and age all had a potential influence on the change in HRQoL. For every 5 years of bisphosphonate therapy the change in EQ-VAS decreased by 2.2 mm (P \ 0.001), for every 5 years of increased age the change in EQ-VAS decreased by 1.2 mm (P \ 0.001), and for those with rheumatoid arthritis the change in EQ-VAS was 5.2 mm less than for those without this disorder. Table 3 shows that, overall, there was a significant improvement in each of the five domains of the EQ-5D (P \ 0.001). The decrease in the percentage of subjects reporting some/extreme problems was most pronounced in the usual activities and pain/discomfort domains.
Results from the EQ-5D HSV scores are also shown in Table 3 . Median (Q1, Q3) HSV scores showed that patients experienced a significant improvement in HRQoL from baseline (0.59, range 0.08-0.73) to 18 months (0.73, range 0.59-0.85) of teriparatide treatment (Wilcoxon rank test P \ 0.001).
Safety
There was a total of 365 adverse events spontaneously reported by the participant physicians; of these, 135 (37%) were serious and 175 (48.0%) were considered related to use of the drug. The most common adverse events were nausea (5.5%), headache (4.4%), fatigue, and depression (2.7% each). There were four spontaneous reports of hypercalcemia, one of which was considered severe as it resulted in prolonged hospitalization. There were 27 deaths during the study period, representing 1.6% of the EFOS cohort. The treating physicians did not consider any death to be drug-related. 
Discussion
With the increasingly aging population, osteoporosis is becoming more prevalent and observational studies are essential to determine the effect of treatment in a real-life clinical setting with a broader range of patients. There are differences between patients in clinical practice and subjects in clinical trials, suggesting that most clinical practice patients treated for osteoporosis would not qualify for participation in the clinical trials that provide the data for drug approval [10] . In the community cohort of postmenopausal women with osteoporosis in the EFOS, we found that patients prescribed teriparatide in the eight European participant countries had more severe osteoporosis than those included in the pivotal trial [8] . This observation probably reflects the European guidelines for osteoporosis treatment, which recommend teriparatide as a second-line therapy. Thus, at baseline the mean lumbar spine T-score BMD was lower in the EFOS (-3.3 SD) than in the pivotal trial (-2.6 SD), there were more prevalent fractures (mean 2.9 vs. 2.3), and many more patients had received previous osteoporosis treatment (91.8% vs. 16%), the majority with potent bisphosphonates. Additionally, a high number of patients had chronic comorbidities or took concomitant medications [14] that would have precluded their eligibility for the pivotal trial [8] . In spite of these differences in patient characteristics, we found that patients receiving teriparatide therapy in the EFOS had a significant reduction in the incidence of clinical fractures over time; these results are consistent with those of the placebo-controlled Fracture Prevention Trial, where longer treatment duration with teriparatide was associated with larger reductions in nonvertebral fracture risk [8, 20] . The fracture risk in patients receiving treatment after 12-18 months was reduced by 47% compared with the first 6-month period of treatment. It was of interest that the fracture risk was already significantly reduced by 32% in the second 6-month treatment period (6-12 months) compared with the first 6-month period. A decreased incidence was also observed for clinical vertebral and main nonvertebral fractures. It is well documented that a prior fracture is a main risk factor for subsequent fractures in postmenopausal women with osteoporosis. From the results of two recent metaanalyses it was concluded that a previous fracture increases the relative risk (RR) for a subsequent fracture by approximately twofold and a prior vertebral fracture increases the RR for a subsequent vertebral fracture by fourfold [21, 22] . It has also been demonstrated that subjects who had experienced a vertebral fracture within the last 12 months had a fivefold risk of sustaining an additional fracture within the next year [23] . In the prospective Observational Study of Severe Osteoporosis (OSSO) study, which included severely osteoporotic patients treated with various osteoporosis medications, women with a fracture within the 12 months prior to baseline were significantly more likely to sustain an incident fracture during the 12-month followup than those without a prior fracture (HR = 1.91, P \ 0.001) [24] . In the EFOS cohort, 48% of the patients had sustained a clinical fragility fracture in the 12 months before starting teriparatide. However, such a trend toward an increased risk of additional fractures in these women with recent prior fractures, compared to those with a prior fracture that occurred more than 12 months before starting treatment, was not seen when they were treated with teriparatide (HR = 1.37, P = 0.076), which supports the effectiveness of this drug. This finding is also in agreement with data from the Fracture Prevention Trial, where no increased fracture risk was associated with a larger prior number and increased severity of fractures in women treated with teriparatide [25] .
Persistence with treatment is a key factor for the efficacy of any drug in the treatment of osteoporosis [13, 26, 27] . Despite the fact that the administration of teriparatide involves a once-a-day injection, persistence was relatively high, with 77% of patients still on treatment after 12 months and 61.5% after 17 months of treatment. This persistence was similar to that reported in response to teriparatide treatment in other recent European [28, 29] and Canadian [30] studies. The most likely reason for the decline in persistence that we observed between 17 and 18 months (Fig. 1) is that in most participant European countries reimbursement only covers 18 pen devices, which corresponds to 504 days of treatment (16.8 months) . Observational studies of various osteoporosis treatments, particularly oral antiresorptive drugs, have reported 1-2 year persistence rates of\50% [12, 13, 31, 32] . The high persistence rate in our study could be explained by several factors. First, postmenopausal women eligible for teriparatide treatment in the EFOS had a mean of approximately three prevalent fragility fractures and a high prevalence and severity of back pain, reflecting severe osteoporosis [14] . Thus, they may well have perceived a greater benefit-to-risk ratio than most patients prescribed oral osteoporosis treatments. Many of these patients had received other osteoporosis treatments prior to teriparatide, during which they had experienced new fractures; therefore, they may have been very interested in getting the most out of this new treatment modality. Second, in contrast with other locations, prescription of teriparatide and treatment follow-up in Europe is largely carried out by specialists and this may have enhanced compliance. Patients are also aware that they will receive a course of teriparatide treatment only once. Finally, most patients were aware that treatment is expensive, which could have influenced adherence to the regimen. In the EFOS, the most common reason for discontinuation of teriparatide was completion of treatment and discontinuations due to adverse events were low.
The decline in the incidence of fragility fractures was accompanied by a significant reduction in the frequency and severity of back pain, as well as a clinically relevant increase in patient-perceived HRQoL. Eighty-nine percent of women enrolled in the present study reported moderate or severe back pain at baseline, which had resulted in a marked deterioration in HRQoL [14] . The reduction in the frequency and severity of back pain following teriparatide treatment in these women is consistent with observations from controlled clinical trials [8, 33] . As expected, the improvements in back pain and HRQoL were greater in those subjects who did not present with a new fracture during the course of the treatment [34, 35] . In meta- analyses of other studies evaluating back pain in osteoporosis, teriparatide-treated patients had a reduced incidence of back pain compared with placebo-or active comparatortreated patients [36, 37] .
A correlation between the incidence and severity of fractures due to osteoporosis and HRQoL has been demonstrated in various studies [38] [39] [40] . Women with an inadequate response to osteoporosis therapy and a consequent high rate of further fracture also had a low HRQoL [24] . In the present study, the reduction in intensity and frequency of back pain was consistent with the reduction in the number of days incapacitated, as revealed in the HRQoL questionnaire. However, it is possible that a placebo effect and/or the spontaneous resolution of back pain associated with a recent vertebral fracture could explain the reduction of 25.8 mm in the VAS observed in the EFOS. In a recent open, randomized, controlled trial of patients eligible for a balloon kyphoplasty procedure due to painful vertebral fractures (baseline VAS [ 40 mm), the VAS reduction in the nontreated control group was approximately 30 mm after 12 months of follow-up [41] .
The main strength of observational studies is the applicability of the results to a general population. The subjects in the current observational study were drawn from eight European countries and consisted of patients with a mixture of health characteristics, and thus, the results are likely to be relevant to a wide spectrum of women. In contrast to other reported observational studies in this area, the incident fractures were confirmed and validated by the treating physicians. There are limitations to our study. The collection of adherence and persistence data by patients' self-report throughout visits to the clinic did not include refill dates or take the amount of product left in the cartridges into consideration. The study was not designed to formally analyze safety data or to include centralized evaluation of clinical laboratory abnormal findings. Thus, only spontaneous adverse events were collected and analyzed. The analysis of fracture incidence was based only on the number of patients who fractured in a given time and did not consider multiple fractures in the same time period. Finally, the lack of a randomized control group also limited us from making any definite conclusions regarding the impact of the treatment on the fracture reduction risk and the patient subjective reported outcomes.
In conclusion, it has been shown in the EFOS study that 18 months of treatment with teriparatide is an effective therapeutic option for postmenopausal women with severe osteoporosis in a real-life clinical setting, characterized by highly prevalent comorbidities and concomitant medications. The EFOS results confirm and expand the outcomes reported for the more selective patient populations included in the randomized controlled trials of teriparatide. Nevertheless, these results should be interpreted in the context of the open-label, noncontrolled design of the study.
Compliance with the treatment regimen was high and teriparatide was well tolerated. There was a reduction in the number and severity of clinical fractures, back pain was reduced, and there was an overall beneficial effect on HRQoL. Further studies are necessary to monitor the longterm outcomes of teriparatide treatment and effects on health-related costs.
